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Ammonia is one of the major environmental pollutants that affect the growth and 
physiological functions of organisms. In the present study, the effects of ammonia 
on the immune response and pathogen resistance of mud crab reovirus (MCRV) in 
mud crab were investigated. Mud crab were exposed to four different ammonia 
concentrations (0, 2.5, 5 and 10 mg L-1 ammonia-N) for 7 d. The result showed that 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activity 
significantly increased after 5 and 10 mg L-1 ammonia exposure. The 
hepatopancreas superoxide dismutase (SOD), catalase (CAT), and total 
antioxidative capacity (T-AOC) in ammonia-N group were significantly lower than 
those in the control group, while the levels of malondialdehyde (MDA) were 
significantly higher than those in the control group. Significant reductions in total 
hemocyte counts (THC) were observed after ammonia exposure. After 7d ammonia 
exposure, mud crabs were injected 100 µL MCRV at 105 copies/g body weight. The 
mortality of mud crabs in ammonia-N group were significantly higher than those in 
the control group. All these results suggested that ammonia in water caused a 
depression in the immune response, and increased susceptibility to MCRV infection. 
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Introduction 
Mud crab (Scylla paramamosain) is one of the most important aquaculture crustaceans in 
China. The mud crab aquaculture production exceeded 158 thousand tons. However, mud 
crab aquaculture faces threats due to bacteria or viruses' infection, causing the largest 
economic losses (Guo et al., 2013). Mud crab reovirus (MCRV) has caused about 70% 
mortality in the mud crab aquaculture (Weng et al., 2007). It infects connective tissues in 
the hepatopancreas, gills, and intestines (Deng et al., 2012). Many studies have been 
undertaken on MCRV genome structure, purification, detection and crab innate defenses 
(Deng et al., 2012; Huang et al., 2012; Liu et al., 2017). However, until now there are not 
any treatments to control this pathogen. 
Under certain environmental conditions, mud crab and MCRV can co-exist without outbreak 
of the disease. However, when aquaculture environment changed, it could easily lead to 
disease outbreak (Lotz et al., 2005; Moser et al., 2012). Ammonia is a major aquatic 
environmental pollutant. It may build up to high concentrations in culture system due to 
excess feeding. High concentrations of ammonia can accumulate in the body fluids, 
affecting survival, growth, physiological functions and immune defenses (Eddy, 2005; Hong 
et al., 2007). Many studies suggested that oxidative stress is one of the toxicity 
mechanisms of ammonia on aquatic animals (Zheng et al., 2014; Cheng et al., 2015). 
Oxidative stress can damage important biomolecules and cause oxidative damage. 
Previous study reported that ammonia exposure led to DNA damage and cell death in mud 
crab (Cheng et al., 2019). Increased concentrations of environmental ammonia have been 
reported to suppress the immune ability, and increase vulnerability to disease (Ackerman 
et al., 2006). However, there are very few works on the effects of environmental stress on 
infection, particularly MCRV in mud crab. In the present study, we investigated the effects 
of ammonia exposure on the immune response and pathogen resistance of MCRV in mud 
crab. This study will contribute to the development of strategies to control the disease of 
mud crab. 
Materials and Methods 
Mud crabs (56±5.4 g) were obtained from a mud crab farm in Taishan (Guangdong, China). 
It was kept in tanks for one week before the experimental treatments. It were fed with 
oyster meat twice daily. During the experimental period, water temperature, salinity, pH 
and dissolved oxygen was 25±3 °C, 10 ‰, 7.8, and above 6.0 mg L−1, respectively. 
Two hundred and forty mud crabs were selected for ammonia exposure. Previous study 
reported that total ammonia 96 h LC50 value for mud crab was approximately 60 mg L−1 
(Peng et al., 2018). In this study, mud crabs were exposed to at ammonia-N concentrations 
of 0, 1/24, 1/12 and 1/6 of the 96 h LC50 (0, 2.5, 5 and 10 mg L-1). There were three 
replicates for each group. The ammonia-N concentration of each exposure group was 
adjusted to the desired concentration by adding NH4Cl to 10 ‰ saltwater. The water was 
exchanged daily. After exposure for 7 d, nine mud crabs were selected randomly from each 
group. Hemolymph of individual mud crab was withdrawn from the base of the third 
pereiopod. After collecting hemolymph, hepatopancreas were separated for the following 
analysis. 
 After 7 d ammonia exposure, mud crabs of each group were selected for MCRV 
challenge. Each mud crab was injected with 100 µL MCRV at 105 copies/g body weight. 
After 0, 6, 12, 24, 36, 48, and 72 h, the mortality was examined.  
Hemolymph samples were placed on a hemocytometer to count cells with a light 
microscope (Olympus). 
 Hepatopancreas samples were homogenized in ice-cold phosphate buffer. The 
homogenates were centrifuged at 3000 g for 20 min. Then, the supernatants were collected 
for the measurement of AST, ALT, CAT, SOD, T-AOC, and MDA using commercially 
available kits (Jiancheng Institute of Biotechnology, Nanjing, China) according the 
manufacturer's protocols. Protein concentration of hepatopacreatic homogenate was 
measured by the Bradford method (Bradford, 1976). AST and ALT activity were detected 
by the method of Cheng et al. (2018). CAT activity was assayed according to the method 
of Aebi (1984) by measuring the residual H2O2 absorbance. SOD activity was assayed 
according to the method of Peskin and Winterbourn (2000), based on the oxidation of 
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epinephrine adrenochrome transition by the enzymes. T-AOC were analyzed according to 
the method of Jia et al. (2015). MDA content was assayed according to the method of 
Ohkawa et al. (1979) by using the thiobarbituric acid reactive species assay. 
Date were given as means ± standard deviation. For all analyses, Levene's and Shapiro-
Wilk's tests were used to verify the homogeneity and normality of variance, respectively. 
A one-way analysis of variance (ANOVA) was used to determine whether there are any 
statistically significant differences between the means of two or more independent 
(unrelated) groups, followed by Duncan's multiple range tests using SPSS 18.0 software 
(SPSS; Chicago, IL). A significant difference was considered at the P < 0.05 level. 
 
Results 
The effect of ammonia exposure on THC was showed in Figure 1. Significant reductions in 
THC were observed after ammonia exposure. The lowest of THC was in the 10 mg L-1 
ammonia-N group.  
 Compared to the control group, ALT activity in 2.5 mg L-1 ammonia-N group did not 
change (Figure 2A). ALT activity significantly increased after 5 and 10 mg L-1 ammonia-N 
group. Compared to the control group, AST activity significantly increased after ammonia 
exposure (Figure 2B). 
 There was no significant difference of SOD activity between the control group and 2.5 
mg L-1 ammonia-N group (Figure 3). SOD activity significantly decreased at 5 and 10 mg 
L-1 ammonia-N group. A significant decrease of CAT activity was observed at 2.5, 5 and 10 
2.5 mg L-1 ammonia-N group with the value of 0.67-fold, 0.61-fold and 0.41-fold lower 
than those of the control group, respectively (Figure 4). T-AOC levels  was lower in mud 
crab exposed to 2.5, 5 and 10 mg L-1 ammonia-N compared to the control group (Figure 
5). Compared to the control group, MDA levels significantly increased after ammonia 
exposure (Figure 6). The highest of MDA levels were observed at 10 mg L-1 ammonia-N 
group. 
 Mud crab began to die at 12 h after MCRV infection (Figure 7). The mortality of mud 
crab in all groups increased  with infection time. The mortality of mud crab in the control 
group was significantly lower than that of the ammonia-N group at 72 h after MCRV 
infection. 
 
Figure 1 Effects of ammonia exposure on THC. Data shown as the mean ± SD (N=6). 
Different letters indicated significant differences between control group and ammonia 
treatment group (P<0.05). 
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Figure 2 Effects of ammonia exposure on the activity of ALT (A) and AST (B). Data shown 
as the mean ± SD (N=6). Different letters indicated significant differences between control 
group and ammonia treatment group (P<0.05). 
 
 
Figure 3 Effects of ammonia exposure on the activity of SOD. Data shown as the mean ± 
SD (N=6). Different letters indicated significant differences between control group and 
ammonia treatment group (P<0.05). 
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Figure 4 Effects of ammonia exposure on the activity of CAT. Data shown as the mean ± 
SD (N=6). Different letters indicated significant differences between control group and 
ammonia treatment group (P<0.05). 
 
 
Figure 5 Effects of ammonia exposure on T-AOC levels. Data shown as the mean ± SD 
(N=6). Different letters indicated significant differences between control group and 
ammonia treatment group (P<0.05). 
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Figure 6 Effects of ammonia exposure on MDA levels. Data shown as the mean ± SD 
(N=6). Different letters indicated significant differences between control group and 
ammonia treatment group (P<0.05). 
 
 
Figure 7 Cumulative mortality of mud crab after MCRV infection at different time intervals 
(0, 6, 12, 24, 36, 48 and 72h). 
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Ammonia is one of the most important limiting factors in aquatic system. Accumulation of 
ammonia may threaten the healthy of cultured aquatic animals. As a crustacean, mud crab 
has a non-specific immune system in response to environmental stress. Hemocytes play 
an important role in physiology and immune response. THC could be easily affected by 
environmental stress. A low THC value in aquatic organisms is strongly correlated with a 
great sensitivity to pathogens (Cheng et al., 2018). In the present, the THC decreased 
after ammonia exposure. The result was consistent with research on Macrobrachium 
rosenbergii (Cheng and Chen, 2002) and Penaeus japonicus (Jiang et al., 2004) following 
exposure to ammonia. The decrease of THC could injure immune function (Qin et al., 2012). 
Hepatopancreas play important roles in metabolism and detoxification. Environmental 
stress can lead to hepatotoxicity. AST and ALT are the most significant enzymes involved 
in protein and amino acid metabolism. AST and ALT activities are considered as a functional 
response of extra energy requirements and the increasing rate of metabolism to cope with 
environmental stress (Giannini et al., 2005). They also regarded as biomarkers for liver 
damage. Abbas (2006) reported an increase in the activities of ALT and AST in Cyprinus 
carpio due to ammonia toxicity. Similarly, the present study showed that ALT and AST 
activities significantly increased after ammonia exposure. The increase in the activity of 
these enzymes may be the resultant of the hepatotoxic under ammonia exposure. 
MDA is widely used as a marker of lipid peroxidation. Many studies have demonstrated that 
ammonia exposure can induce an increase in MDA levels (Jin et al., 2017; Cheng et al., 
2019). These results were agreement with our data that MDA levels significantly increased 
after ammonia exposure, suggesting that ammonia exposure can lead to the peroxidation 
of membrane polyunsaturated fatty acids. The increase in MDA levels may result from the 
generation of excessive ROS (Halliwell, 1999). Previous research reported that high 
concentration of ammonia could trigger the release of ROS (Cheng et al., 2017). Under 
normal physiological conditions, the antioxidant defense system can eliminate excessive 
ROS. SOD and CAT are the fist line antioxidant defenses that directly scavenge ROS. SOD 
can catalyze the conversion of O2− to H2O2 and O2. CAT can degrade the H2O2 to H2O and 
O2. However, under environmental stress, the antioxidant defense system were destroyed, 
and the detoxification function of the organism was suppressed (Jia et al., 2015). Zhang 
et al. (2019) suggested that reported that the antioxidant enzyme activities, including SOD, 
CAT, and GPX, were inhibited in Megalobrama amblycephala after chronic ammonia, leading 
to the excessive accumulation of MDA. Our data showed that the activity of SOD and CAT 
significantly decreased after ammonia exposure. T-AOC can reflect the total antioxidant 
ability of the body. In the present study, T-AOC levels were inhibited after ammonia 
exposure. These results suggested that the total antioxidant ability to eliminate reactive 
free radicals was destroyed, which can lead to oxidative damage. 
 MCRV has caused largest economic losses in mud crab farming. Viral infection can affect 
disease outbreak (Sun et al., 2015). When environmental stress depresses the immune 
response of the organism, it could accelerate viral amplification, leading disease outbreak 
(Penaranda et al., 2009). Previously study reported that Litopenaeus vannamei after 
ammonia exposure lowered the disease resistance to WSSV (Jiang et al., 2004). In the 
present study, cumulative mortality of mud crab in ammonia-N group after MCRV infection 
was significantly higher than these in the control group. The reason may be explained as 
that ammonia exposure damaged the immune system of mud crab, which speeds up the 
rate of viral replication, leading to mud crab death (Moser et al., 2012; Sun et al., 2015). 
In conclusion, the present study documented the effects ambient ammonia on the immune 
response and pathogen resistance of MCRV in mud crab. Ammonia exposure can increase 
AST and ALT activities, and disturb the physiological response in mud crab. Ammonia 
exposure also inhibited SOD and CAT activity, and led to oxidative stress. Oxidative stress 
induced by ammonia exposure can decrease THC. Ammonia exposure decreased the 
resistance of mud crab to MCRV infection by a reduction in immune responses. 
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